Abstract:
Introduction

31
Concrete is versatile and the most widely used construction material in the world. But [9]. Pitting corrosion is another threat to RC structures in a chloride environment [10] 45 and is a type of more serious corrosion on structural safety than general corrosion[11, 46 12], since it has resulted in quite high loss of cross-sectional area of reinforcement 47 bars [13] and structural damages [14] , or in extreme situations, the final collapse of the 48 structure.
49
Chloride penetration in concrete can be characterized by the chloride diffusion 50 coefficient and the binding ability of matrix-forming solids [15] . In concrete, 51 chlorides can be chemically bound with cement's C3A or C4AF phases (e.g., Friedel's 52 salt) [16] , or physically hold to the surface of hydration products (e.g., adsorption on 53 C-S-H) [3, 17] . Chloride diffusion depends on pure diffusion for water-saturated 54 concrete and capillary absorption of salty water for non-saturated concrete [18] . 55 Recently, there are several studies reported in literature on the transport of chloride 56 ions in concrete and numerical models developed to simulate the process [7, [19] [20] [21] [22] slump between 80 and 100 mm and its chemical characteristics are listed in Table 4 .
121
Sodium chloride anhydrous with 99.5% purity and sodium hydroxide anhydrous with 122 99.0% purity were used for making chlorate solutions as the chloride attack source.
123 Table 1 124
Physical and mechanical properties of OPC used for this research Table 2 127
Chemical compositions of Portland cement, fly ash (FA) and silica fume (SF) temperatures of the specimen and the solutions were targeted to be between 20 and 179 25°C and they were recorded once every 5 minutes to ensure the target was reached.
180
The total charge passed during the RCPT test was measured and calculated via 181 Equation (1).
182
 
where Q in Coulombs is the total charge passed; I0 in Amperes current immediately 184 after voltage is applied; It in Amperes current at t min after voltage is applied. The cylindrical concrete specimens were cured standardly for 28 days, then they were The cylindrical concrete specimens were cured under standard curing condition for 56 273 days and then subjected to freezing-thawing cycles in tap water, 4% and 10% sodium 274 chloride solutions up to 50 cycles, which lasted around 13 days, and subsequently 275 chloride ion penetration test were conducted. The total charge passed of various 276 concretes exposed to tap water under freezing-thawing cycles are depicted in Fig.4 277 (for concretes with w/b=0.38). There was a significant decrease in total charge passed 278 ranged from 8.6% to 22.6% over the test period for the concrete with 15% and 25%
279
FA by weight, respectively, while a slight increase by 1.7% for concrete with 10% FA 280 by weight. In the case of concrete with SF, the total charge passed increased by 52.2%, deterioration becomes more significant. In Fig.5 against combined freezing-thawing and chloride attack was investigated in this study.
346
The following conclusions can be drawn based on the experimental results.
347
(1) Immersed in tap water, concrete's total charge passed actually decreased as the Brunel University London where this paper was completed. 
